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1.
$\partial_{0}=\partial_{t}=\partial/\partial t$ , \partial j=\partial xj=\partial / xj $(j=1,2,3)$
. ( L2 1.4) , ( )
.
, :
$(\mathrm{C}\mathrm{P})_{\epsilon}\{\begin{array}{l}\square _{c_{I}}u_{I}=F_{I}(u,\partial u)u(0,x)=\epsilon f(x),(\partial_{t}u)(0,x)=\epsilon g(x)\end{array}$ $\mathrm{f}\mathrm{o}\mathrm{r}\mathrm{i}\mathrm{n}$
r




, $c_{I}(1\leq I\leq m)$ { . , $u=(u_{J})_{J}$=1, $\cdot$ ..,$m$ ’
$\partial u=(\partial_{a}u_{J})_{J=1,\cdots,m}$ .
, $f,$ $g\in C_{0}^{\infty}$ ($\mathbb{R}^{3};\mathbb{R}$m) . ,
$F(u, \partial u)=(F_{1}(u, \partial u),$ $\cdot\cdot \mathrm{t}$ , $F_{m}(u, \partial u))$
$u$
$\partial u$ . ,
.
, (CP), (lifespan) $T_{\epsilon}$ :
$T_{\epsilon}=r\epsilon(f, g, i^{i})$
$= \sup$ { $T\in(0,$ $\infty);(\mathrm{C}\mathrm{P})_{\xi}$ $u($t, $x)$ $(t,$ $x)\in[0,$ $T)\cross \mathbb{R}^{3}$ }.
$T_{\epsilon}=\infty$ , , $T_{\epsilon}<\infty$ ,
. , 2 \vdash
.
(GE) , . ,
$f,$ $g\in C_{0}^{\infty}$ ($\mathbb{R}^{3};\mathbb{R}$m) , $\epsilon_{0}$ , $0<\epsilon\leq \mathit{6}0$
$T_{\mathcal{E}}=\infty$ .
(BU) , .




. $u$ . , $F=F$(u) .
$1= \partial_{t}^{2}-\sum_{j=1}^{3}\partial_{j}^{2}$ .
$m=1$ , .
(1.1) $\square u=|$u $|^{p-1}$u.
, $p_{c}=1+\sqrt{2}$ , (GE) (BU) .
, p>p (GE) , l<p\leq p (BU)
([2], [4], [19], [20], [22], [24] ; ,
$|u|^{p}$ ).
2 ,
(1.2) $\square u=|$u$|^{p-1}u+|$u $|^{q-1}$u
( $q\geq p$) , $p>p_{c}$ (GE) ,
l<p\leq p (BU)




$A_{j,j}B$ $(j=1,2)$ , 9 $(j=1,2)$ .
$A_{1}=A_{2}$ $=0$ , 3>p , (GE)
.
$B_{1}=B_{2}=0$ , $c_{1}$ $c_{2}$ 2 . $c_{1}=c_{2}$
, 2<p , (BU) . , $c_{1}\neq c_{2}$
(GE) ([16]). ,
$u_{1}u_{2}$ .
, $c_{1}\neq c_{2}$ , $A_{j}$ $B_{j}$ $(j=1,2)$ , (1.3)
. $A_{1}=A_{2}=0$ $B_{1}=B_{2}=0$ , (GE)
. , $A_{j}$ $B_{j}$ $(j=1,2)$ ,
(GE) ( (1.2)
). , , KubO-Ohta [16]
:
Ll (KubO–Ohta [16]). (1.3) $A_{1}=B_{2}=1$ $B_{1}=A_{2}=0$ 1.
,











, (1.4) lifespan (sharp)
2.
.
Lifespan $\exp(C\epsilon^{-k})$ almost global ,
sharp ,
, $k+1$ ( ) . (1.4) $k=3$
, $k+1=4$ (1.3) 2 , 3
. , (1.4) sharp
.
L2. $(\mathrm{C}\mathrm{P})_{\epsilon}$ , $F=F$(u) $u=0\in \mathbb{R}^{m}$




(1.7) $|$H$I(u)|\leq C|$u $|^{3}$
.
(1.8) $R=\{(J, K)\in\{1, \cdot\cdot \mathrm{t}, m\}\cross\{1, \cdots, m\};c_{J}\neq cK\}$
, $C_{JK}^{I}$ .




(1.3) 1.2 , (1.4) ,
1.2 .
1.2 3 .
1.2. $u$ $\partial u$ . $F=F$(u, $\partial u$)
.
$(m=1)$ , 3 , (GE)
, 2 , (GE) .
$u=(\partial_{t}u)^{2}$ $u=u$ (\partial tu) (BU) ([5]). (GE)
2 , $T_{\epsilon}$ $\epsilon$ , (1.4) $C^{*}$
.
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2 , null form ,
([14], [3] ).





$\square _{c_{2}}u_{2}=A_{2}u_{1}(\partial_{t}u_{2})+B_{2}(\partial_{t}u_{1})(\partial_{t}u_{2})+C_{2}u_{1}Q$ tu $D_{2}(\partial_{t}u_{1})^{2}$ .
9 , $A_{j},$ $B_{j},$ $C_{j}$ $D_{j}$ $(j=1,2)$ . , $c_{1}\neq c_{2}$
. , (GE) :
(I) $A_{j}=C_{j}=0(j=1,2)$ ( $[1],$ $[10],$ $[15],$ $[17],$ $[21],$ [23] ),
(II) $A_{j}=B_{j}=D_{j}=0(j=1,2)$ ([9] ),
(III) $C_{j}=D_{j}=0(j=1,2)$ ([11] ).
$(\mathrm{I})-(\mathrm{I}\mathrm{I}\mathrm{I})$ (GE) , 3
‘
(1.10) . , (II) (III)
(IV) $A_{1}=B_{1}=D_{1}=0$ $C_{2}=D_{2}=0$ ( $A2=B_{2}=D_{2}=0$
$C_{1}=D_{1}=0)$
(GE) ([13]; [12] ). (I) (III)
, (GE) ,
Ohta([18]) .
1.3(Ohta [18]). (1.10) $C_{1}=D_{1}=0$ $A2=C_{2}=0$ .
, $A_{1}=D_{2}=1$ $B_{1}=B_{2}=0$ . , $c_{1}<c_{2}$ (BU)







L4. (CP), $F=\overline{F}$ ( $u,$ $\partial$tu) , $(u, \partial_{t}u)=(0,0)\in \mathbb{R}^{m}\mathrm{x}\mathbb{R}^{m}$ ,





(1.14) $|$H$I$ ($u,$ $\partial_{t}$u) $|\leq C$ ( $|u|^{3}+|\partial_{t}$u $|^{3}$ )
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.
(1.15) $R=\{(J, K)\in(1, \cdots, m)\cross(1, \cdot\cdot \mathrm{f}, m);c_{J}\neq c_{K}\}$ ,
(1.16) $S_{I}=\{(J, K)\in(1, \cdots, m)\mathrm{x}(1, \cdot\cdot\iota, m);c_{J}=c_{K}\neq c_{I}\}$
, $C_{JK\mathrm{z}}^{I}D_{JK}^{I}$ $E_{JK}^{I}$ .
, $f,$ $g\in C_{0}^{\infty}(\mathbb{R}^{3})$ , $\phi,$ $\psi\in C^{\infty}(\overline{\mathbb{R}_{+}})$
(1.17) $f(x)=\phi$ ( $|$xD, $g(x)=\psi$ ( $|$x $|$ )
.
, $\epsilon_{0}$ $C_{*}$ , $0<\epsilon\leq\epsilon_{0}$ ,
(1.18) $T_{\epsilon}\geq\exp(C_{*}\epsilon^{-2})$
.
1.4 , 3 .
, .
, 1.4 lifespan
. , (1.11) $c_{1}<c_{2}$
, $c_{1}>c_{2}$ , (1.18)
.
2. $L^{\infty}-L$“
$(t, r)\in[0, \infty)\cross[0, \infty)$ $c\geq 0$ ,
(2.1) $w_{+}(t, r)=1+t+r$ ,
(2.2) $w_{\mathrm{c}}(t, r)=1+|ct-r|$
. $\mathrm{c}_{1},$ $\cdot\cdot(,$ $c_{m}$ }
(2.3) $w_{-}(t, r)= \min_{J=1,\cdots,m}w_{\mathrm{c}_{J}}(t, r)$
$<$ $c_{J}\neq c_{K}$ , $0<\rho_{1}\leq\rho_{2}$
(2.4) $w_{c_{J}}$ (t, r)-’lw K $(t, r)^{-\rho_{2}}\leq Cw_{+}(t, r)^{-\rho 1}w_{-}(t, r)^{-\rho_{2}}$
$(t, r)\in[0, \infty)\cross[0, \infty)$ .
$\phi,$ $\psi\in C_{0}^{\infty}(\mathbb{R}^{3})$ , $U_{\mathrm{c}}^{*}[\phi, \psi]$
(2.5) $\{$
$\square _{c}U_{\mathrm{c}}^{*}[\phi, \psi]$(t, $x$) $=0$ for $(t, x)\in[0, \infty)\cross \mathrm{R}^{3}$ ,
$U_{\mathrm{c}}^{*}[\phi, \psi](0, x)=\phi(x),$ $\partial_{t}U_{\mathrm{c}}^{*}[\phi, \psi](0, x)=\psi(x)$ for $x\in \mathbb{R}^{3}$
. , $\Phi=\Phi(t, x)$ , $U_{\mathrm{c}}[\Phi](t, x)$
(2.6) $\{$
$U_{c}[\Phi]$ $(t, x)=\Phi(t, x)$ for(t, $x$) $\in[0, \infty)\cross \mathbb{R}^{3}$ ,




2.1. $c>0,$ $\rho$ >0 . $\phi,$ $\psi\in C_{0}^{\infty}(\mathbb{R}^{3})$ ,
(2.7) $w_{+}$ ($t,$ $|$ x|) $w_{c}(t, |x|)^{\rho}|U_{\mathrm{c}}^{*}[\epsilon\phi, \epsilon\psi]$ (t, $x$ ) $|\leq C\epsilon$
. $C$ , $\phi_{f}\psi$ , $c$ $\rho$ .
: Asakura [2] .






$w+$ ($t,$ $|$x|) $w_{\mathrm{c}}(t, |x|)^{1+\kappa}|U_{\mathrm{c}}[\Phi]$ (t, $x$) $|$
(2.8)
$\leq C\Psi_{\mu}(t)\sup_{\in(\tau,y)[0,t]\mathrm{x}\mathrm{R}^{3}}w_{+}(\tau, |y|)^{3+\kappa}w_{-}(\tau, |y|)^{1+\mu}|\Phi(\tau, y)|$
. $C$ , $c$ $\mu$ $\kappa$ .
: $c=1$ . John [6]
, $U_{1}$ [\Phi ]
(2.9) $U_{1}[ \Phi](t, x)=\frac{1}{4\pi r}\int_{0}^{t}d\tau\int_{|r-(t-\tau)|}^{r+t-\tau}\lambda d\lambda\int_{0}^{2\pi}\Phi(\tau,$$\lambda\Theta(\tau, \lambda, \varphi;t, x))d\varphi$
. $r=|x|$ , $\Theta$ 3
( , ).
(2.10) $I_{\kappa,\mu}(t, r)= \frac{1}{r}\int_{0}^{t}d\tau\int_{|r-(t-\tau)|}^{r+t-\tau}w_{+}(\tau, \lambda)^{-(2+\kappa)}w_{-}(\tau, \lambda)^{-(1+\mu)}d\lambda$
$\langle$ (2.9) ,
(2.11) $I_{\kappa}$ , $\mu$0, $r$ ) $\leq C\Psi_{\mu}(t)w_{+}(t, r)^{-1}w_{1}(t, r)^{-(1+\kappa)}$
.
$r\geq 2$ ($1+J=1, \max\ldots$,m $c_{J}$) $t$ , $w_{1}$ (t, $r$) $\geq Cw_{+}(t, r)$ ,
$w_{-}(\tau, \lambda)\geq Cw_{+}(\tau, \lambda)$ ,
$I_{\kappa,\mu}(t, r)\leq \mathit{1}\kappa$ , $\mathrm{o}(t, r)\leq\frac{C}{r}\int_{0}^{t}d\tau\int_{r-t+\tau}^{r+t-\tau}w_{+}(\tau,\lambda)-(3+\kappa)$ d$\lambda$
$\leq\frac{C}{r}\int_{0}^{t}(1+r-t+2\tau)^{-(2+\kappa)}d\tau$
$\leq\frac{Ct}{r}w$10, $r)^{-(2+\kappa)}\leq Cw_{+}(t, r)^{-1}w_{1}(t, r)^{-(1+\kappa)}$
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, (2.11) .
, $r\leq 2$ ($1+J=1, \max\ldots$,mcJ) $t$ . $J=1,$ $\cdots,$ $m$
(2.12) $I_{J,\kappa,\mu}(t, r)= \frac{1}{r}\int_{0}^{t}d\tau\int_{|r-(t-\tau)|}^{r+t-\tau}w_{+}(\tau, \lambda)-(2+\kappa)w_{\mathrm{c}_{J}}(\tau, \lambda)-(1+\mu)d\lambda$
,
(2.13) $I_{\kappa,\mu}(t, r) \leq\sum_{J=1}^{m}I_{J,\kappa,\mu}(t, r)$
, (2.11) , $I_{J,\kappa,\mu}$ (2.11)
.
,
(2.14) $p=\tau+\lambda$ , $q=\lambda-$ c$J^{\mathcal{T}}$
(2.15) $I_{J,\kappa,\mu}(t, r)= \frac{1}{(c_{J}+1)r}\int_{|t-r|}^{t+r}(1+p)-2-\kappa_{dp\int_{pJ}^{p}}$($1+|$q $|$ ) $-,+\mu)$dq
. $2p_{J}=(1-c_{J})p+(1+c_{J})(r-t)$ . $p\geq|r-t|$ $p_{J}\geq-c_{J}p$
,






$t+r-r|(1+p)^{-2-\kappa}dp\leq(t+r-|t-r|)w_{1}(t, r)^{-2-\kappa}\leq 2rw_{1}(t, r)^{-2-\kappa}$
, (2.16)
(2.17) $I_{J,\kappa,\mu}(t, r)\leq C\Psi_{\mu}(t)w_{1}(t, r)^{-2-\kappa}$
. $r\leq t/2$ $r\leq 1/2$ $w_{+}(t, r)\leq Cw_{1}$ (t, $r$ ) , (2.17)
(2.11) .
, $r\geq t/2$ $r\geq 1/2$ $r\geq Cw_{+}(t, r)$ ,
$\int_{|t-r|}^{t+r}(1+p)-2-\kappa_{dp\leq Cw_{1}(t,r)^{-1-\hslash}}$
, (2.16) (2.11) .
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3.
3.1. L2 . (1.5) $G_{I}$ (u) ,
:
(3.1) $\{$
$\square _{\mathrm{c}_{I}}vI=G_{I}(v_{I})$ $(I=1, \cdot\cdot \mathrm{r}, m)$ ,
$v(0, x)=\epsilon f(x),$ $(\partial_{t}v)(0, x)=\epsilon$g(x).
1 , .
3.1. $\epsilon_{0}$ , $0<\epsilon\leq\epsilon_{0}$ (3.1)
$v\in C^{\infty}$ $([0, \infty)\cross \mathbb{R}^{3};\mathbb{R}^{m})$
. $\kappa>0$ , $C_{0}$ ,
(3.2) $w_{+}$ ($t,$ $|$x $|$ )w$c$’($t,$ $|$x $|$ ) $1+\kappa|v_{I}$ (t, $x$ ) $|\leq C_{0}\epsilon$ $(I=1, \cdots, m)$
$(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ .
$e_{1}(T)= \sup_{\in(t,x)[0,T)\mathrm{x}\mathbb{R}^{3}}\sum_{I=1}^{m}w_{+}(t, |x|)w_{c},(t, |x|)^{1+\kappa}|v_{I}(t, x)|$
$<$ . $0\leq t<T$ , $c_{J}\neq \mathrm{c}_{K}$
$|$ (uJuK)(t, $x$ ) $|\leq w_{+}^{-2}w_{\mathrm{c}_{J}}^{-1-n}w_{\mathrm{c}_{K}}^{-1-\kappa}e_{1}(T)^{2}\leq Cw_{+}^{-3-\kappa}w_{-}^{-1-\kappa}e_{1}(T)^{2}$
$|G_{I}$ ($v$ (t, $x$)) $|\leq Cw_{+}(t, |x|)^{-3-\kappa}w_{-}(t, |x|)^{-1-\kappa}e_{1}$(T)2
($C$ $T$ ). , 2.1 2.2 ($\mu=\kappa$
)
(3.3) $e_{1}(T)\leq C(\epsilon+e_{1}(T)^{2})$
. , (continuity argument bootstrap argument
) , $\epsilon$ , (3.2)
. apriori ,
.
$u$ $(\mathrm{C}\mathrm{P})_{\epsilon}$ , $v$ (3.1) . $V=u-v$ , $(\mathrm{C}\mathrm{P})_{\epsilon}$
(3.1) $V$
(3.4)
$\square _{c_{I}}$K $= \sum_{(J,K}$) 6R $C_{JK}^{I}(v_{J}V_{K}+V_{J}v_{K}+V_{J}V_{K})+H\mathrm{r}(v+V),$
$V(0, x)=(\partial_{t}V)(0,x)=0$
. (3.4) $V$ , $u=v+V$
$(\mathrm{C}\mathrm{P})_{\epsilon}$ . (CP), lifespan (3.4) lifespan
. $(\mathrm{C}\mathrm{P})_{\epsilon}$ (3.4) .
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, $V$ (3.4) $0\leq t<T_{\epsilon}$ , $0<T\leq T_{\epsilon}$
(3.5) e2 $(T)= \sup_{\in(t,x)[0,T)\mathrm{x}\mathbb{R}^{8}}\sum_{I=1}^{m}w_{+}(t,$ $|$xDw$\mathrm{c}$’ $(t, |x|)|V_{I}(t, x)|$
$\langle$ . $V$ $e_{2}$ . , $V(0, x)=V_{t}(0, x)=0$
, $\lim_{Tarrow 0}e_{\mathit{2}}(T)=0$ .
$c_{J}\neq c_{K}$ . (2.4) , $0\leq t<T(<T_{\epsilon})$








($t,$ $|$x $|$ )w$c$’($t,$ $|$x $|$ ) $|$U,, $[V_{J}v_{K}](t, x)|\leq CC_{0}\epsilon e_{2}(T)$
. ,




($t,$ $|$x $|$ )w$\mathrm{c}$’ $0,$ $|$xD $|$U$\mathrm{c}$’ $[V_{J}V_{K}](t,x)|\leq Ce_{2}(T)^{2}\log(2+T)$
.







( $t,$ $|$x $|$ ) $|$U$\mathrm{c}$’ $[H_{I}](.t,x)|\leq C(C_{0}^{3}\epsilon^{3}+e_{2}(T)^{3})$
.
(3.13) e2(T) $\leq C_{1}(C_{0}\epsilon e_{2}(T)+C_{0}^{3}\epsilon^{3}+e_{2}(T)^{3}+e_{2}(T)^{2}\log(2+T))$
$0<T<T_{\epsilon}$ . $C_{1}$ $T$ .
, 1.2 . $T_{\epsilon}=\infty$ , 1.2
, $T_{\epsilon}<\infty$ .
$M>0$ ,
$T^{*}= \sup$ {$T\in[0,T$\epsilon );e2(T) $\leq M\epsilon^{3}$ }
$\text{ }$ $\lim_{Tarrow 0}e_{2}(T)=0$ , $e_{2}$ $T^{*}>0$ .
$T^{*}<T_{\epsilon}$ . , $T^{*}=T_{\epsilon}$ , $e_{2}(T^{*})\leq M\epsilon$3 apriori
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, $T_{\epsilon}$ , lifespan
$T_{\epsilon}$ .
$0<T^{*}<T_{\epsilon}$ , (3.13)






$C_{1}C_{0} \epsilon_{1}\leq\frac{1}{8},$ $C_{1}M^{2} \epsilon_{1}^{6}\leq\frac{1}{8}$
$\epsilon_{1}$ .
(3.15) $C_{1}M \epsilon^{3}\log(2+T_{\epsilon})\leq\frac{1}{8}$
. , $0<\epsilon\leq\epsilon_{1}$ (3.14)
(3.16) $e_{2}(T^{*}) \leq\frac{1}{2}M\epsilon^{3}$
. $T^{*}<T_{\epsilon}$ , $e_{2}$ , $\tilde{T}\in$ $(T^{*}, T\epsilon)$
, e2(T) $\leq M\epsilon^{3}$ (3.16) . $T^{*}$ .
(3.15)
$\log(2+T_{\epsilon})>\frac{1}{8C_{1}M}\epsilon^{-3}$
. , $C_{*}$ $T_{\epsilon}\geq\exp(C_{*}\epsilon^{-3})$ .
L2 .
3.2. 1.4 . L2 1.4




$\square _{\mathrm{c}}$, $v \mathrm{r}=\sum_{(J}$,K)ER $\{C_{JK}^{I}v_{J}(\partial_{t}v_{K})+D_{JK}^{t}(\partial_{t}v_{J})(\partial_{t}v_{K})\}+H_{I}(v, \partial_{t}v)$ ,
$v(0, x)=\epsilon$f(x), $(\partial_{t}v)(0, x)=\epsilon$g(x)
<. 1.2 (III) , .
, $\kappa\in$ $(0, 1)$
(3.18) $w_{+}(t, |x|)w_{c_{I}}$ ($t,$ $|$x $|$ ) $|$uI $(t, x)|+w_{0}(t,$ $|$xDw$\mathrm{c}$’($t,$ $|$x $|$ ) $1+\kappa|\partial_{t}u_{I}(t,x)|\leq C_{0}\epsilon$
$(t, x)\in[0, \infty)\mathrm{x}\mathbb{R}^{3}$ .
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, $V=u-v$ . (3.18)
$T\leq\exp(C_{*}\epsilon^{-2})$ ,
$w_{+}$ ($t,$ $|$x $|$ ) $\log(\frac{w_{+}(c_{I}t,|x|)}{w_{\mathrm{c}_{I}}(t,|x|)})|$ ul $(t, x)|+w_{0}$ ($t,$ $|$x $|$ )w$\mathrm{c}’$ ($t,$ $|$x $|$ ) $|\partial tuI(t,x)|\leq C_{1}\epsilon^{2}$
$(t, x)\in[0, T)\cross \mathbb{R}^{3}$ . 1.4
.
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